The paper presents the results of computation of the electrostatic potential and steric accessibility of the B-DNA self-complementary dodecamer CGCGAATTCGCG following the geometry of the recent single crystal structure of Dickerson et^ al. This structure shows significant variations from classical B-DNA ; their influences on the calculated properties are discussed. The resultsare related to general features of hydration of the crystal. A particularly significant general finding concernsthe greater negative potential in the center of the oligonucleotide helix than at its extremities. This will be a general feature of such short helices, independant of their base sequence. It may have important implications for the reactivity of DNA oligomers.
INTRODUCTION
In a recent and very stimulating series of publications Dickerson and coworkers (1-4) have presented the single crystal structure of a B-DNA dodecamer with the self-complementary base sequence CGCGAATTCGCG. This structure, which reveals many significant variations from classical B-DNA geometry (as established from sequence averaged fibre diffraction studies), heralds a new era in nucleic acid research.
We have carried out recently in our laboratory a series of theoretical studies on the effect of the macromolecular structure of nucleic acids upon their biochemical behaviour, the two outstanding features investigated being the molecular electrostatic potential and the accessibility to reactive sites or regions (5-12). The availability of Dickerson's results has now incited us to explore the effect of the observed structural variations along the nucleotide chain on the calculated properties and their implication for the interactions of this species with surrounding or attacking molecules e.g. the water of hydration present in the crystal. From a broader point of view we wish also to distinguish among these structural variations those which may be due to the specific sequencing of this oligonucleotide and those which are essentially determined by its finite dimensions and the positioning of the bases or base pairs with respect to the center or the extremities of this relatively short double helix. Such a distinction is expected to avoid erroneous extrapolation of results to infinite chains of DNA and to indicate possibly some general features predictable for oligonucleotide helices.
METHOD
Our technique for calculating the electrostatic potentials of macromolecules has been described in detail in previous articles (5, 7, 13) and will not be restated here. We note, however, one complexity with Dickerson's dodecaner, namely that all its phosphates and sugars have somewhat different conformations. Following our technique, the electrostatic potential of the dodecamer will be calculated as the superposition of the potentials of its individual subunits, the bases, sugars and phosphates. These potentials are evaluated from the multipole expansion of the charge densities of these subunits, which are in turn calculated from their ab initio wavefunctions. As it would be prohibitively expensive to compute the complete set of different wavefunctions for the 22 phosphates and 24 sugars of the dodecamer we employ the simplification of representing closely grouped conformations by a single multipole Phe expansion, as was done in our studies of tRNA (9). Thus four representative sugar conformations (C2'-endo, C1'-exo, Oi'-endo and C3'-endo) and three representative phosphate conformations (with w, to 1 , torsion angles : -46° -96°< g~g~), -85°. -45°(g"g") and -72° 172° (eft)) were employed.
The calculation of static steric accessibility of the atoms of the dodecamer was carried out using the methodology also described previously (1, 8-9).°2 Accessibilities are calculated as areas, expressed in A , accessible on the van o der Waals spheres of the atoms concerned toward an attacking sphere of 1.2 A radius. Hydrogens were included in the dodecamer using standardized bond lengths.
RESULTS AND DISCUSSION
A schematic representation of the dodecamer studied is shown in fig. 1 , which also gives the numbering of the bases (the same as that employed by Dickerson et al.), sugars and phosphates.
We shall center our attention on the molecular electrostatic potentials associated with sites on the nucleic acid bases susceptible to electrophilie attack. These sites may be divided (5) into two principal groups : those Lying in the plane of the bases, associated primarily with pyrimidine-like nitrogens (e.g. N7 of guanine, notation N7(G)) and their carbonyl oxygens (e.g. 06(G)) and those lying symmetrically above and below the plane of the bases, associa- 
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